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1. OVERVIEW

The AVHRR-Based Polar Pathfinder (APP) products include calibrated AVI-IRR

channel data, surface temperatures, albedo, satellite scan and solar geometries, and cloud

mask, all composited into twice-per-day images, and daily averaged fields of sea ice

motion, for regions poleward of 500 Latitude.

Our general goals under this grant:

• Quantify the APP accuracy and sources of error by comparing Pathfinder products
with field measurements

• Determine the consistency of mean fields and trends in comparison with longer time

series of available station data and forecast model output

• Investigate the consistency of the products between the different AVHRR instruments

over the 1982-present period of the NOAA program

• Compare and annual cycle of the APP products with MODIS to establish a baseline

for extending Pathfinder-type products into the new ESE period

2. APP PRODUCTS

2.1 Albedo Calculations

In year one, preliminary comparisons were done between the APP products and in-

situ data. Differences were found primarily in the albedo products. When the algorithms

were developed, models had been derived from a limited amount of field measurements.
These measurements were found not to be representative of the much wider coverage of

the APP products.

Changes were made to the algorithms used to generate broad-band albedo from the

AVHRR channel data. The final APP products reflect these changes.

2.2 Thermal Calibrations

When comparisons were first done between the APP products and data from the

Surface Heat Balance of the Arctic (SHEBA) experiment, problems were found in the
calibrations of the AVHRR thermal channels. An error in the calibration code was found

and corrected.

At this time, a review of all the calibrations used in the AVHRR processing was

done. The calibration of the AVHRR followed the original methods described in the

NOAAfNESDIS manuals. These methods were not consistent between all the satellites.

As newer satellites were launched, techniques changed based on previous experience and

scientific requirements. The primary requirement had been for sea surface temperature,

a much narrower temperature range than that required for the APP products.



SincetheAPPprocessingbegan,aconsistentmethodhadbeenproposedthat is
commonto all theNOAA AVHRR instruments.This new method also is more accurate

over the full range of temperatures needed for the APP. This new calibration scheme

was implemented by the APP program. Because much of the data had already been

partially processed, a set of look-up values were generated to correct already processed

data. This correction appears to bring the brightness temperatures to within 0.1 degrees

of the values that would be provided by the newer calibration methods. All new

processing of the AVHRR data would be done with the new methods, and already

processed data would be corrected using the look-up tables. These look-up tables are

non-linear, especially near the lower ends of the APP temperature range. This is

particularly important for the polar regions.

The results from the SHEBA comparisons that initiated this calibration change was
from the newer NOAA satellite NOAA-14. The corrections for this satellite are much

larger, due to the error in the program. It may be necessary to redo the processing from
this satellite.

For a more detailed discussion an appendix is attached. The attachment can also

be found on our web site."

http : //polarbear. colorado, edu/APP- calibration/calib, html

2.3 Cloud Masking Methods

When the APP processing began, cloud masking methods had not been fully

investigated. During the APP program, several methods were tested. During the past

year, a technique was implemented based on several methods. A combination of

temporal and spatial statistical techniques are used to detect clouds and generate a mask.

Cloud masking of satellite data may be the hardest product to verify. In-situ cloud cover

data is mostly from subjective estimates of cloud fraction. An even larger problem is

the time of the ground observations and the time of the satellite overpass. Slight

differences in time are very important since the cloud cover is highly variable in time and

space.

From examining the cloud masks and the AVHRR channel data, an rough estimate

of the accuracy may be about 90-95. This estimate applies to both daytime and

nighttime APP products.

2.4 Final APP Products

Because of the above problems and investigations the final delivery of the APP

products was delayed. A final processing is being applied to the APP products before

delivery to NSIDC. This step includes correction of the thermal calibration, generation

of the surface albedo and temperature and cloud mask, using the most current algorithms.

3. COMPARISONS OF APP PRODUCTS AND FIELD DATA

3.1 South Pole Observatory

In 1995, a set of temperature data was obtained from sled mounted instruments for

use in comparisons with the APP products. Over a 7 day period, measurements were

taken around a 500 meter triangular area.



Thecomparisonswith theAPPproductsareshownin figures 1and2. Figure 1is a
plot of the in-situ temperaturesversustheAPP surfacetemperature.Theagreementis
goodexceptfor daysJune28and29whensomethin cloudwaspresent.

Figure2 is a finer resolutionplot for day24only. Themeantemperaturefor the
APP surfacetemperaturewas-38.15 Cwith themeanin-situ temperatureof\38.25 C.
The surfacetemperaturefrom satellitecomparesvery well with field measurements.

3.2 Greenland
A network of stationsonGreenlandcontinuallytakemeasurementsof temperature

andalbedo. Oneyearof 1997APPproductswerecomparedwith thesein-situ readings.
Beforetherevisionof thealbedoalgorithmspreviouslymentioned,albedovalueswere
oftenabove100%. After thechangesto themethods,thealbedovaluesaremuchmore
reasonable.However,thereis somevariability thatseemsto beassociatedwith the
satellitescananglethat isstill unexplained.Figure3 is acomparisonshowing 12
stationsonGreenland.Thevariability is presentat all stations.

3.3 SHEBA
In 1997and 1998,measurementsweretakenat theSHEBAsite in theBeaufortSea.

Comparisonsweredonewith bothsurfacealbedoandtemperature.Figure4 is an inter-
comparisonof thetemperatureandfigure 5 is of albedo.Both showexcellentagreement
of thegroundbasedmeasurementsandsatellitederivedvalues.

4. DATA PRESENTEDAT AMS MEETING

A collaborationbetweenthePolarPathfindersproducedadatasamplercovering2
yearsof data. Examplesof dataproductsfrom eachpathfinderwasincluded. Also
includedwasa "3-D" cubeof dataat acommonresolutionof 100km.

5. YEAR THREEGOALS

5.1 If possible,compareAPPtypeproductswith similar imageryfrom ESEdata.

5.2 Continuecomparisonswith groundbasedmeasurementsascomplete16yearAPP
productsbecomeavailable.

5.3 As thefull setof APP productsis available,look for anydifferencesin thetime
seriesdueto changesin thesatellites.

5.4 Computemeanvaluesfor differentparametersfrom theAPPproductsandcompare
with longterm climatologiesfrom in-situ values.

5.5 Documentanyerrors,specialcases,inconsistencies,andaccuraciesin theAPP data
sets.



o, .,

O)
O_

01

ID

t--
Z
LU

W
0,,
X
ILl

l.IJ

¢I_
,ii-,

O0

-,,''l''''llil'llii'lllI'l''''lil''lJlI'

/
,/

/

' ''1' ''' I ''_ '1' ''' I'' ''1' ''' I''' '1' '''

8

0

1:3

(0) =JI:InlVH=JdW=JI
_,I.__



A

0

F-

W

n-
W
a.
x
w

UJ

Og

I IIli ' I I Ill' III I , I I'''
,4

i¢

,¢

/
t"

i'

r I

/

I

I
I
|

I
i

I<
!l
j_

i'

l.U

Z
<

_p

F.

I

'--'--=--'.II

C_l

Z -I-

.I' ''_ I''' 'I' '''

\

' '' I', I, I''' 'I' ''' I'' ''I' ''' I '' I 'I' '''

(0) 3 IdnlVS-I=ldiN=lJ.

¢0

A
!-

v

>-
0
0

:::)
0



1,2

1,0

a

t_ 0.8

0.6

Sw;ss .Camp@69.57N/49.30W (afternoon)

I O0 200 300

Day of Year

Humboldt GI.@78.53N/56.83W afternoon)
1.4 ......... _ _

1.2

"_ 1.0

o

_ 0.8

0.6

0.4

1.4

1.2

1.C

o
"c 0.8

0.6

0.4

1.4

i Y .L" '.,'* z _ .' h_

• ' • + ' i %_.

__ in situ , ,
i

...... AVHRR '

/

i

1O0 200 300

Day of Year

lYE- 2@66.48N/46.28W (afternoon)

i '
",<'i ;'

'. ' ,'._v".. : ,' '.

__ in situ

...... AVHRR

1O0 200

Day of Year

NASA- E@75.00N/30.OOW (afternoon)

300

1.2

1.0

e

•c 0.8

0.6

0.4

.,, .: ': {:

__ ;n situ

AVHRR _j

1 O0 200 300

Day of Year

Crowford Pt,@69.88N/46,97W (afternoon)

1.4[ ' ......... ' ........ I

1.21-

, ; ',

....,.',, ', 't:::', .:...

o.6p in situ ,

L .... AVHRR 1,
o.4L_ ......... ' .....

0 I O0 2(30 300

Day of Year

Summlt@72.58N/38.50W (afternoon)
1.4[ ..... ' .... _ ......... _ .........

L2p

tl % t I i I 1 ill

,,. ,_ . ._ .,:, ,:; ,

JL_--_I2 _:' ,",,<'* _,':, ,',.;" _',"'_' '._'; :::i!': ;...-,,,,
,, _.,_ .;,.,.... ,,,'_': :'...

' "" ''""'"" ''"' '::'. t.1':

! '

o._ __ in situ I
I

...... AVHRR ',

0 I CO 2 O0 300

Day o{ Year

JAR@6g.SON/49.68W (afternoon)

t.4[' ; .... ;" '* ......... ' .........

L2_
, l

1.0 ' . .

_ : '....: < •

0.6 !

0 1O0 2 O0 300

Day of Year

CP2@69.91N/46.85W (afternoon)

1.2

1.0

<:,:,.". . _ ," :. _.... _J:.:

o._ " : '" PF'"'":"": .... "
. _, _ ,,_ .... . .: "_ ,,_ _'

,,,

0.6 __ ih s;tu

...... AVHRR i
0.4 , ......... _L_ ..... "

O0 200 300

Day of Year

1.0_-

o

o.8F

o

,.°L

NASA- U@73.83N/49.50W (afternoon)

o

0.6 f

0.4[

, , . ,,_ = &

',"C ,' : _',','.*.',,..",,"'.t'','
' 'U (," ;.. " ........ ..
_., _, ,_ ,, ,, ,, 1_

• 7:; ',_'_' _ ,','"

__ in situ

...... AVHRR

0 100 200 300

Ooy o( Year

TUNU- N@78.02N/33.g9w (afternoon)
|. . ........ i ......... i ..... , ....

o

_|

_o

,° _ , /

;;:.,' :. .: i .L',),;:

, ..; .,,_.__I,.:

o __" in situ

...... AVHRR

100 200

Day of Year

Saddle @66.00N/44.50W (afternoon)

300

i 1 :: ,.:' ',i ,

_.,,. , : ...:...,,C - , .,_,.:.,...

:.,. ::'', ,:._:'';.:".6, ,,..

o._ "_in

......AV RR t

1.2

i t.0

0.8

O.

0.

0

0 IO0 200 300

Day of Year

NGRIP@75.105N/42.33W (afternoon)
1.4 ......... _ ......... ' .........

.,, ,,. ;,. : .:.,,_,._:,,
<:_', :._I_"!:',:-_'. :,:':" :"

:;,."'::::,.'::,, ::", :::'_,

__ in situ

AVH R R

1O0 200 300

Day of Year

I i



10

0

O
"-" -10

(1)
{3.
E -20

-30

-40 ....

Solid AVHRR

Dashed: SHEBA _l

09-20 11-09 12-29 02-17 04-08 05-28 07-17
Month-Day

J" - ,rf _ffba
i j



0.90I I '
0.80

0.70

0

0.60..o
<

0.50

0.40

0.30

!11

_t

Solid: AVH F_

Dashed' St-)IEBA
1I
ii

09-08

t I


